During recent summers, beginning in 1930, the brightness and colors of several scores of extra-galactic nebulae have been measured with a photoelectric photometer attached to the large reflectors at Mount Wilson. One of the conclusions resulting from this study is that the diameters of a number of these objects are greater than those seen at first sight on photographs. This extension of size is not surprising, as usually each nebula fades from a relatively bright center gradually outward until the outline is lost in the foreground of the sky. Any increase in the known size of extra-galactic nebulae is of course important in a comparison with the dimensions of our own galaxy.
Owing to the diurnal motion, the sky decreased progressively in intensity as the altitude became higher, but a linear change in the sky brightness is eliminated by taking means, forward and back. The net deflections for the nebula given in the seventh column were obtained by subtracting the tentative value 27.4 mm. for the sky from the mean deflections. These differences were then multiplied by the factor 1.26 to reduce to These magnitudes, charted in the lower part of the plate, which is from Ritchey's well-known negative taken at the Yerkes Observatory, indicate that the nebula extends far beyond the limits of the photograph. Measures at other positions around the nebula were also made during the season as opportunity offered, and the inferred intensities are placed on the chart. In some of the exploratory runs the extension is not so well determined as that north and south of the nucleus, but there was always evidence for outlying illumination. The regions for 25 mag./sq. sec. are marked by small circles of the size of the diaphragm used in the measures. The large oval indicated by the broken line is merely a suggestion of the possible outline of the nebula for this degree of intensity. There seems to be an abrupt change not far from 25 mag./sq. sec., as though the main nebulosity stopped at that limit, but such a conclusion requires confirmation. Two lines on the chart indicate regions which were found incidentally to have intensities of the order of 23 and 24 mag./sq. sec., respectively.
From the measures on the hour circle through the nucleus the residuals of 214 deflections for 107 means give ' 0.45 mm. for the probable error of one deflection, or ='-0.23 mm. for the mean of four for one observed point. As the average deviation of one of these points from the smooth curve is 4 0.36 mm. there has been no forcing of the data beyond what is warranted by the internal agreement of the measures. In fact, were it not for the interference of the field stars, the detection with the amplifier of 0.40 mm.
deflection, corresponding to 27 mag./sq. sec., would really be easy.
It is-difficult to estimate the extension of the hitherto accepted diameter
The extension of the Andromeda nebula.
ww of the nebula given by the present work. The outline for 25 mag./sq. sec. is roughly 50' wide, whereas the photographic dimensions adopted by Hubble are 40' X 160'; thus the factor of increase is about 1.25. The extremes of 26 and 27 mag./sq. sec. on the hour circle of the nucleus give corresponding factors of 2.2 and 2.8, respectively. If the 160' for the major axis of the nebula is multiplied by the last factor we have 450', which is of the same order as the 70 suggested by Hubble as the maximum diameter indicated by several outlying objects, assumed to be globular clusters associated with the nebula. It is by no means certain, however, that the nebulosity which we measure at 26 or 27 mag./sq. sec. is as much elongated in outline as the brighter portions. It is quite possible that the isophotes for the outer regions become more, nearly circular. The tests for extension of the nebula along the major axis will require considerable work during another season.
From the present data we conclude that the known diameter of the Andromeda nebula has been more than doubled in the direction north and south from the nucleus, and that this same ratio of increase applies to the apparent minor axis or width of the nebula.
Our observations were primarily directed to the outer regions of the nebula, but in the course of the work a few measures were also made near the nucleus. For an object with a spectrum near the solar type like M 31, the photoelectric magnitude is 0.1 or 0.2 mag. brighter than the photographic; but for rough purposes the two scales may be considered as the same. We have measured a circle of 1' radius about the nucleus to be equivalent to magnitude 7.9, which is not far from Seares's1 estimate of 7.8, photographic. We also determined the intensity at 1' from the nucleus to be 18.6 mag./sq. sec. as compared with his 18. Seares2 places the apparent photographic surface brightness of our galaxy in the neighborhood of the sun, seen from outside and normal to the galactic plane, at 23.7 mag./sq. sec. We therefore confirm his conclusion that the central region of the Andromeda nebula is at least 5 magnitudes or 100 times brighter than our part of the galaxy. On plate 1 the surface brightness 23.7 is barely visible. Hubble' has found that the limiting photographic magnitude distinguishable from the sky foreground is 25.2 mag./sq. sec. for faint images of extended objects. At present it is probably quite out of the question to confirm by photography the extension of so large an object as the Andromeda nebula out to regions where the intensity is only one or two per cent of the surface brightness of the sky.
Adopting +5.3 as the photoelectric absolute magnitude of the sun and m -M = 22.0, corresponding to a distance of 250,000 parsecs, as the modulus for the nebula, we find that the light in the measured small circle at 25 mag./sq. sec. is equivalent to absolute magnitude -7.3, or to 110,000 suns. For 27 mag./sq. sec. the number is 17,000, while at the nucleus the light from the same area is equivalent to 75,000,000 suns.
The extension of the Andromeda nebula beyond the photographic limits is presumably typical of what may be found for other such objects. Comparisons with the surface brightness of the galaxy are still hampered by uncertainties in the data for our own system. There may be no part of the galaxy which, seen from outside, would be as bright as the central portion of M 31. In the latter system the region comparable with the sun's neighborhood may well be 10 out from the nucleus, or at a distance of say 4000 parsecs, where, according to the data shown on plate 1, the surface brightness agrees fairly well with Seares's previously mentioned estimate fot our own system. A previous suggestion4 gave 30,000 parsecs for the diameter of the galaxy, with the sun 10,000 parsecs from the center, as against 10,000 parsecs for the diameter of the nebula. The present work indicates that the diameter of the nebula may well be as much as 20,000 parsecs. The figure for the galaxy may have to be revised still further when the space absorption near the median plane is better determined. In fact, when the size of our galaxy is as well known as that of the Andromeda nebula, most of the inferred difference in scale between the two systems may disappear. Astrophys. J., 76, 106-116 (1932) . 4 Stebbins, J., these PROCEEDINGS, 19, 227 (1933 Reports of the occurrence of haploids in various plants have been becoming increasingly more frequent, so that interest now centers perhaps not so much in such accounts per se as in the genus or species in which the phenomenon is found to occur.
In the Gramineae the only reported haploid is apparently the one described by Gaines and Aasel as having arisen among some crosses between
